
TITLE OF THE INVENTION 
Use of antibodies 

CROSS REFERENCE TO RELATED APPLICATIONS 
5 Not Applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

Not Applicable. 

10 

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED ON A 

COMPACT DISC. 
Not Applicable. 

15 Field of the Invention 

The present invention is in the field of applied 
biotechnology and relates in particular to the inhibition 
of human lipase. 

20 

BACKGROUND OF THE INVENTION 

cardiovascular diseases are the number one cause of 
death in the Western World. Epidemeologic and experimental 
25 data show clearly that high serum cholesterol levels, more 
precise high level of Low Density Lipoprotein particles, 
which contain cholesterol show a strong correlation wxth 
the occurrence of cardiovascular diseases. It is also well 
known that foods products containing fats high in saturated 
30 fatty acids contribute to high serum Low Density 



Lipoprotein levels. It has also be stated that hydrolysis 
of dietary fats, thereby liberating fatty acids in the 
stomach and intestinal tract increases . the adsorption of 
cholesterol by the epithelial cells of the intestinal tract 

5 and consequently hydrolysis of dietary fats contribute to 
increase of the serum Low Density Lipoprotein levels, 
several human dietary enzymes are involved in this 
hydrolysis reaction. A further reason to reduce the 
hydrolysis of dietary fats and the subsequent liberation of 

10 fatty acids is to prevent or to reduce an increase of body 
weight or event to reduce the body weight . 

Also other enzymes in the gastrointestinal tract may 
be involved in undesirable physiological reactions. 
15 Examples of such enzymes, which are referred to as human 
dietary enzymes include oxidoreductases , transferases, 
hydrolases (e.g. lipases, proteolytic enzymes and ureases), 
lyases, isomerases and ligases or synthetases. 

20 There is therefore a need to find ways to reduce the 

amount of liberated fatty acids in the stomach and 
intestinal tract for example by inhibiting or modulating 
the activity of human dietary enzymes. 

25 Description of Related Art including information disclosed 
under 37 CFR 1.97 and 1.98. 

WO 98/34630 describes the use of a gastrointestinal 
lipase inhibitor for the manufacture of oral medicaments 
30 for treating or preventing type II diabetes mellitus. A 



preferred gastrointestinal lipase inhibitor is 
tetrahydrolipstatin . 

There is a desire to identify natural alternatives to 
5 tetrahydrolipostatin for the inhibition of human lipase or 
other human dietary enzymes. Even more desired is the 
identification of materials which are capable of partial 
inhibition of human dietary enzymes, therewith possibly 
reducing, but not completely blocking the liberation of 
10 fatty acids in the human tract . 

Aoubala et al in The Journal of Biological Chemistry, 
8 1995 PP 3932-3937 discloses monoclonal antibodies 
against human pancreatic lipase. Also Bezzine et al in 
15 Biochemistry (1998), 11846-11855 describes the binding of 
monoclonal antibodies to human pancreatic lipase. However a 
problem with monoclonal antibodies is that they are 
expensive, difficult to prepare and are generally not 
stable under the conditions in the human tract. 

There remains a continuing need for the development of 
new and improved methods for the inhibition or modulation 
of human dietary enzymes. In particular there is a need to 
develop effective gastrointestinal lipase inhibitors, which 
25 can conveniently be prepared and which are sufficiently 
stable under the conditions found in the human tract. 



BRIEF SUMMARY OF THE INVENTION 
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surprisingly it has been found that a special class of 
antibodies or fragments thereof namely those which are 
naturally free of light chains and commonly referred to as 
VhHs can be used for the inhibition or modulation of human 
5 dietary enzymes. 

Accordingly the present invention relates to an 
antibody, or fragment thereof, capable of binding 
specifically to one or more human dietary enzymes, said 
10 antibody or fragment thereof comprising a heavy chain 
variable domain derived from an immunoglobulin naturally 
devoid of light chains, or a functional equivalent thereof. 

According to a second aspect the invention relates to 
15 the use of an antibody, or fragment thereof, capable of 
binding specifically to one or more human dietary enzymes, 
said antibody or fragment thereof comprising a heavy chain 
variable domain derived from an immunoglobulin naturally 
devoid of light chains, or a functional equivalent thereof 
20 for modulating the activity of human dietary enzymes. 

in a third aspect the invention relates to the use of 
an antibody, or fragment thereof, capable of binding 
specifically to one or more human dietary enzymes, said 
25 antibody or fragment thereof comprising a heavy chain 
variable domain derived from an immunoglobulin naturally 
devoid of light chains, or a functional equivalent thereof 
in food products, including for example nutraceutical food 
products and dietary supplements. 

30 
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in a fourth aspect the invention relates to the use of 
an antibody, or fragment thereof, capable of binding 
specifically to one or more human dietary enzymes, said 
antibody or fragment thereof comprising a heavy chain 
5 variable domain derived from an immunoglobulin naturally 
devoid of light chains, or a functional equivalent thereof 
for the preparation of pharmaceutical products. 

The invention will be further clarified in the 
10 following: 

Brief description of Terms 

The term "VhH" refers to the single heavy chain 
15 variable domain antibodies of the type that can be found in 
Camelid mammals which are naturally devoid of light chains; 
synthetic VhH can be construed accordingly. 

As used herein, the term "antibodies" refers to 
20 immunoglobulins which may be derived from natural sources 
or may be synthetically produced, in whole or as antibody 
fragment . 

An "antibody fragment" is a portion of a whole 
25 antibody which retains the ability to exhibit antigen 
binding activity. Functionalized antibody fragments are 
also embraced in this term. 

The term "functionalized antibody fragment" is used 
30 for indicating an antibody or fragment thereof to which 



one or more functional groups, including enzymes and other 
binding polypeptides, are attached resulting in fusion 
products of such antibody fragment with another 
biofunctional molecule. 

5 

The term "traditional antibody" is used for an 
antibody which normally consists of two heavy and two 
light chains or fragments thereof. 

10 The term "human dietary enzymes" is used for enzymes 

which may be present and are physiologically active in the 
gastro-intestinal tract e.g. under stomach conditions or 
under intestinal conditions. 

15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS) 

The present invention may be more fully understood with 
reference to the following description when read together 
with the accompanying drawings in which: 
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Figure 1 shows the titration of serum antibodies from the 
llama immunised with Human Pancreatic Lipase in ELISA on 
enzyme recognition (A) and on inhibition of lipase 
activity (B) ; 

25 

Figure 2 analyses the efficiency of individual VhH 
fragments to recognise Human Pancreatic Lipase 
(determined with ELISA) (2A) and to inhibit lipase 
activity (2B) ; 

30 



Figure 3 shows the titration of serum antibodies of the 
llama immunised with Human Gastrio Lipase on enzyme 
recognition (3A) and on lipase inhibition (3B) . 

5 Figure 4 is a restriction map of phagemid pUE5071. 
Figure 5 shows the cross-reactivity of HPL18 with PPL. 
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DETAILED DESCRIPTION OF THE INVENTION 

Antibodies are protein molecules belonging to a group 
of i^unoglobulins generated by the immune system .n 
response to an antigen. The structure of most antibody 
molecules is based on a unit comprising four polypeptides, 
15 two identical heavy chains and two identical light cha.ns, 
which are covalently linked by disulphide bonds. Each of 
these chains is folded in discrete domains. The carboxy- 
terminal regions of both heavy and light chains are 
conserved in sequence and are called the constant regions, 
20 conprising one or more so-called C-domains. The amino- 

terminal regions of the heavy and light chains, also Known 
as variable (V) domains, are variable in se^ence and 

■ fh» soecificity of the antibody. The regions in 

determine the speciric±L-y ^ , r a 

the variable domains of the light and heavy chains (V. and 
25 V. respectively) responsible for antigen binding activity 
are known as the hypervariable or complementarity 
determining regions (CDH, , while the framework regions PR) 
are responsible for the typical immunoglobulin fold of the 
V-region. 

30 



Natural antibodies generally have at least two 

= ,^^f-ined by the association 
Identical antigen-binding s.tes J ^^^^^^^^^ 

Heavy and lig.t -"^.^^ ^^^J/.^,, , , v. 
„ost naturally cccurrxng ant.bodaes 
5 to £or. a complete antigen binding site and reta.n 
immunoreact ivi ty . 

n^VM.lins capable of exhibiting 
More recently, immunoglobulins cap .^v^ulins 
..e functional properties of the four-chain immunoglobulins 
,0 Lscribe. above but .hich comprise -^---^---^^ 
chains and which furthermore are devoid of light 

thereof expressible DNA sequence encoding 

15 mould or yeast with an express ,.,,5591 
the antibody or fragment are described in «0 94/25531. 

.he i^unoglobulins described in WO .,/46V8 which may 

„f ramelids, do not rely upon 
1, i.nlated from the serum of Cameiias, 

be isolated from variable domains 

20 the association of heavy -^^^^^^^ =^ 

for the formation of the antigen-bmding site 
the heavy polypeptide chains alone — ^^t e 
complete antigen binding site. These i"^*^ ^^l^^^,, 
. ^ as "heavy-chain immunoglobulins 
hereinafter referred to as nedvy 

. distinct from the heavy chains 

25 (or V„H) are thus quite distinct 



binding site in order to obtain optical antigen-bindin, 

characteristics. 

surprisingly it ha. been found that VkH's, are capable 
5 of inhibiting hu^an dietary en.^es, in particular en.y™e. 
involved in the hydrolyeis of dietary fats, and thereby 
reduce the absorption of free fatty acids effectively. 

It has been found that VhH's can be used for the 
10 inhibition of several human dietary enzymes. Examples of 
human dietary enzy,.es that can be inhibited are 
oxidoreductases, transferases, hydrolases (e.g. Upases 
proteolytic enzymes and ureases), lyases, isomerases and 
ligases or synthetases. 

in a preferred embodiment of the invention YhH^s are 
used for the inhibition of human enz^es involved in the 
hydrolysis of dietary fats, exan^les of these enzymes are 
Human Pancreatic Lipase and Human Gastric Lipase. 

20 

Human Pancreatic Lipase (HPL) is the major Upase 
responsible for lipid conversion in adults, accounting for 
„ of the hydrolysis of the triacylglycerlde . The enzyme 
is' active at neutral pH in the small intestine, where rt 
25 catalyses the hydrolysis of fatty acids in the sn-1 and 
s„-3 position of trlacylglycerides. The enzyme rec^rres a 
cofactor called colipase for lipolytic action on duodenal 
fats The structure of HPL consists of an amino-termrnal 
domain (residues 1 through 336) and a carboxy- terminal 



domain (residues 337 through 448) that is involved in 

binding colipase. 

Human Gastric Lipase (HGL) belongs to the (amily of 
5 the acid lipase family, which refers to its stability and 
activity in the highly acidic environment of the stomach. 
HGL is responsible for the hydrolysis of 17.6% of the meal 
triacylglyceride. The crystal structure of the enzyme, 
which contains 379 amino acid residues, reveals the 
10 presence of a core domain typical for the alpha/beta 

hydrolase family and a "cap" domain, similar to what has 
been found in Serine carboxypeptidases . 

A preferred embodiment of the present invention 
15 involves the partial inhibition of human dietary enzymes 
using V„H.s. preferably the enzymes, for example the human 
lipases, are only partially inhibited to ensure that no 
deficiencies of important ingredients will occur, 
preferably the level of inhibition, measured in accordance 
20 to Figure 3 is between 2 to 90%, more preferred 3-30%, most 
preferred 5-20%. 

For the purpose of the invention antibodies can be 
used in their entirety (e.g. in a form which is equal to or 

25 closely rese^les the natural form in the Camelid source) . 
Alternatively, however fragments of these antibodies e.g. 
V.H's may be used. If fragments are used then it is 
preferred that these fragments comprise one or more 
sequences which are equal to or closely rese^le the CDR 

30 regions in the natural V.H's. Particularly preferably these 
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f„ts comprise a sequence which is ec^al to or closely 
resembles the CDR3 region of a natural VhH. 

in a particular preferred embodiment the V„H's 
5 (including either entire V^H's or fragments thereof) 
according to the present invention are characterised by 
CDR3 selected from the following classes : 

(I) ARSLXATPTSYDY (SEQ ID NO: 1; SEQ ID NO: 2; 
SEQ ID NO: 3; SEQ ID NO: 4) 

(II) RGGLTQYSEHDY (SEQ.IDN0:5) 

(III) TGAEGHY (SEQ ID NO: 6) 

(IV) TDMGRYGTSEW (SEQ ID NO: 7) 

15 Wherein X. is V or E and X, is Q or L. 

preferred examples of V„H-s of the first class are 
HGL#1 (SEQ ID NO: 27) and HGL#16 (SEQ ID NO: 34) . Preferred 

/ of VH-s of the second class are HGL#4 (SEQ ID NO: 
examples of VhH s ol cue ^ vH-q 

20 23) and HG..IO (SEQ ID NO: 31). Preferred ^^^^^^l^^ ^^^^^^ 
of the third class are HGL#B (SEQ ID NO: 29) and HaL#9 (SEQ 
ID NO: 30) . A preferred example of VhR's of the fourth 
class is HGL#11(SEQ ID NO: 32). 

in another particular preferred embodiment the VhH's 
according to the present invention are chacterised by a 
CDR3 selected from the following classes: 
(a) DVRPYRTSRYLEX3 - (SEQ ID NO: 8; SEQ ID 
NO: 9; SEQ ID NO: 10) 
30 (b) QVRVRFSSDYTNY (SEQ ID NO: 11) 



25 
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(c) LIRRKFTSEYNEY (SEQ ID NO: 12) 

(d) LITRWDKSVNDY (SEQ ID NO: 13) 

(e) RRSNYDRSWGDY (SEQ ID NO: 14) 

(f) LISSYDGSWNDY (SEQ ID NO: 15) 

5 (g) . HITPAGSSNYVYGY (SEQ ID NO: 16) 

(h) DIRKRFTSGYSHY (SEQ ID NO : 17) 

Whereby X3 is V or L or I 

^ = VH of class (a) is HPL#12 (SEQ ID NO: 19), 
10 An example of a VhH ot class \di 

HPL#14(SEQ ID NO: 21) , and HPL#30 (SEQ ID NO: 26) , 

^ of class (b) is HPL#19(SEQ ID NO: 24), 

An example of a VhH of class kdi 

^ of class (c) is HPL#18(SEQ ID NO: 23), 

An example of a VhH ot class 

n ^ of class (d) is HPL#13 (SEQ ID NO: 20), 

An example of a VrH of class va; 

1 f . VH of class (e) is HPL#11 (SEQ ID NO: 18), 
15 An example of a VhH or ciast, \«=/ 

^ of class (f) is HPL#22(SEQ ID NO: 25), 

An example of a VhH of class ii; x 

^ of class (q) is HPL#15(SEQ ID NO: 22), 

An example of a VhH of class vg; 

An example of a VhH of class (h) is HPL#17. 

VhH-s in accordance with the present invention can be 

used for the inhibition of the activity of human dietary 

enzymes. Surprisingly it has been found that the V^H's are 

often more stable than traditional antibodies under 

25 conditions similar to those in the gastric intestxnal 

tract, in particular preferred VhH's in accordance w.ththe 

v,=,.^ ^ stability (as measured in example 4.3) of 
invention have a scaoixj-i-y \°- 

at least 75% after 1 hour. 
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V,H'S in accordance with the present invention can be 
administered to h^an beings in any desirable for.. In a 
first preferred er^odiment of the invention the V^H's can 
be used in phar:„aceutical co^ositicns. These compositions 
5 normally co-^rise in addition to the VhH's a suitable 

carrier material. For exa^le the V„H.s can be incorporated 
into medicines for oral use such as tablets, capsules, 
medicinal lienors, powders, but other application forms 
e.g. as an injection, topical applications etc may equally 
10 be suitable. 

in a second preferred entoodlment of the inventions the 
V,H.s can be used in food products. Examples of suitable 
food products are margarines and other bread spreads, 

15 dressings, beverages including fruit juices and tea and 
coffee, bakery products such as cookies, biscuits, bread. 
pUza etc, sauces including hot or cold sauces, frozen 
confectionery materials e.g. water-ice or ice-cream, dairy 
products e.g. desserts, yoghurt, cheese etc. cereal 

20 products, for example breakfast cereals, sweets such as 
pastilles, lollypops. bars, chocolate etc. 

Typically a suitable intake per meal of antibodies 
could be such that the molar ratio of antibody to the 
25 relevant dietary enzyme is between 10 : 1 and 1 : 10. It B 
„ell within the ability of the skilled person to adapt the 
concentration of antibodies in the product such that these 
amounts are consumed. 



30 
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The invention is applicable to the use o£ any 
i™lohulin variable domain, which forms a complete 
antigen binding site. The immunoglobulin may be derived 
from natural sources or synthetically produced. 
5 preferably, the invention relates to the use of heavy cham 
variable domains derived from an immunoglobulin devord of 
light chains, most suitably from an immunoglobulin 
naturally devoid of light chains such as are obtainable 
from lymphoid cells, especially peripheral blood 

™n= or acleen cells derived from 
10 lymphocytes, bone marrow cells or spleen 

camelids as described in WO 94/04678 (Caeterman et al) . 

It will be appreciated that heavy chain variable 
domains derived from other immunoglobulins modified to 
15 enable them to function as monovalent binding domains in 
the same way as the heavy chain variable domains derived 
from camelids may also suitably be used according to the 
invention. For the purpose of this invention these 
molecules are referred to as functional e^ivalents. 

20 

A major advantage of the use of single domain binding 
units, which are heavy chain variable domains derived from 
camelids, is their unusual stability against extreme pH, 
degradation by proteases, high concentrations of salts and 
25 high te^eratures. which ma.es these fragments suitable for 
application in food products and to be effective in the 
oastro-intestinal tract. Another benefit of single domain 
binding units is that these molecules can readily and 
conveniently be produced economically on a large scale, for 
30 example using a transformed lower eukaryotic host as 
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described in WO 94/25591 (Unilever) . This describes a 
production system that delivers high amounts of secreted 
antibody fragments with a low degree of impurities present 
in the secreted fraction, thereby enabling simple down 
5 stream processing procedures for purification. 

The invention also provides host cells and expression 
vectors enabling high levels of production and secretion of 
the binding proteins. 

10 

Heavy chain variable domains derived from an 
iMmnoglobulin naturally devoid of light chains having a 
determined antigen specificity may conveniently be obtarned 
by screening expression libraries of cloned fragments of 
15 genes encoding Camelid immunoglobulins generated usxng 

conventional techniques, as described, for example, in EP- 
A-0584421 and Example 1. Preferred methods to enrich for 
binding domains recognising the human dietary enzyme, 
thereby limiting the nu^ers of clones, which have to be 
20 screened for the identification of inhibiting fragments, 
are yeast display (WO 94/01567 from Unilever) or phage 
display. 

Enzyme inhibiting antigen binding proteins may be 
25 prepared by transforming a host by incorporating a gene 

^AA^ QPt- forth above and expressing 
encoding -the polypeptide as set torun 

said gene in said host. 

suitably the host or hosts may be selected from 
30 prokaryotic bacteria, such as Gram-negative bacteria, for 



example B.cherfchia coll, and Gram-positive bacteria, for 
exan^le Bacillus su^tilis and in particular lactic acrd 
l^acteria, lower eul^aryote. such as yeasts, for example 
belonging to the genera Saccharo.yces , Kluy.ero.yces, 
5 Hansenula or Pichia, or moulds such as those belonging to 
the genera Aspergillus or TriohoderTpa. 

preferred hosts for use in connection with the present 
invention are the lower eulcaryotic ^ulds and yeasts. 

Techniques for synthesising genes, incorporating them, 
into hosts and expressing genes in hosts are well Known in 
the art and the skilled person would readily be able to put 
the invention into effect using common general knowledge. 

proteins for use according to the invention may be 
recovered and purified using conventional technictues such 
as affinity chromatography, ion exchange chromatography or 
gel filtration chromatography. 

20 

The binding activity of the binding proteins prepared 
according to the invention may conveniently be measured by 

■r. f-vio ar-i- such as enzyme -ImKea 
standard techniques known m the art sucn y 

^ u ^PTTSA) radioimmune assay (RIA) or 

immunoadsorbant assay (ELibA; , 

25 with biosensors. 

The following examples are provided by way of 
illustration only. Techniques used for the manipulation 
and analysis of nucleic acid materials were performed as 
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1 ^ =.1 iQQO^ unless Otherwise 
described in (Satnbrook at al . , 1990), 

indicated. 



EXAMPLES 

5 

EXAMPLE 1. 
llama. 



induction of a humoral immune response 



Human Pancreatic Lipase (HPL) was purified as 
10 described by De Caro, A., Figarella, C, Amic, J.. Michel, 
, 0. (1977). Biochiin. Biophys. Acta 490(2), 411- 



R. Sc Guy 
419. 



A llama was immunised with an HPL in oil emulsion 
15 obtained by mixing 2 ml antigen in water and 3 ml Speed, 
(Bolchout, B.A., van Gaalan, C. ^ Van der Heijden, P.J. 
(1981) Vet. Iiimunol. Imimnopath. 2, 491-500. 

Per immunisation 4 times 1.25 ml water in oil emulsion 
20 was iniected said 1.25 ml containing 200 pg enzyme. Each 
immunisation involved 4 iniections two of the injections 
were subcutaneous, the other two inter-muscular. The second 
immunisation was performed four wee)cs after the first 
injection, the third immunisation 8 weeks after the first 
25 injection and the fourth i™.nisation 12 weeks after the 
first injection. The immune response was monitored by 
titration of serum samples in two different assays. In the 
first assay the serum antibodies recognising HPL were 
quantified in ELISA (Fig. lA) , and in the other one the 
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titre of inhibiting antibodies was determined in an enzyme 
activity assay (Fig. IB) • 

For ELISA In vitro biotinylated HPL (prepared as 

■> 91 was immobilised indirectly via 
5 described in paragraph 2.2) was immou 

streptavidin. Streptavldin was coated at 5 w/-"! 
Phosphate Buffered Saline (PBS) during two hours at room 
temperature in MAXISORB plates (NUNC) . The coat solution 
was removed and. after washing with 0.05 vol% Tween-20 in 
10 PBS(PBST),. the wells were blocked during 30 minutes at room 
temperature with a 4 wt% slcimmed mlllc solution made in PBS. 
Biotinylated HPL was captured by the coated streptavidm 
during 16 hours at 4»C from a solution with a concentration 
of 2.5 M/ml enzyme in PBST, followed by washing of the 
15 plate with PBTS to remove free biotinylated HPL. 

serum samples were tested in serial dilutions (in 2% 
s,ci».ed mil)c solution in PBST) . Subsequently the bound 
llama antibodies were detected with polyclonal rabbit-anti- 
20 llama antiserum (obtained via immunising rabbits with llama 
immunoglobulins purified via Protein K and Protein G 
colunnis (Hamers-Casterman. C, Atarhouch, T. , Muyldermans, 
S Robinson, G., Hamers, C. Songa, B.B., Bendahman, N. . 
Halers, R. (1953). Nature 363 (6428) , 446-448.) and swine- 
25 anti-rabbit immunoglobulins (DAKO) conjugated to horse 
radish peroxidase. Finally the peroxidase enzyme-activity 
was determined with tetramethyl -benzidine and ureaperoxide 
as substrates and the optical density was measured at 450 
after termination of the reaction by the addition of 



nm 
30 H2SO4 
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The titre of inhibiting antibodies was determined in 
the LIPASE-PS assay (Sigma Diagnostics) , in which the 
enzymatic hydrolysis of 1,2-diglyoeride into 2- 

^ f,ttv acid can be measured kinetically m 
5 monoglyceride and fatty acid can 

a spectrophotometer at a wavelength of 550 nm. For this 
assay 5 .1 (diluted, serum was mixed with 10 ,1 distilled 
„ater and 5 .1 HPL (approximately 250 lipase units/ml. From 
this mixture 5 ,1 was added to 150 .1 substrate solution 
10 ,.1P.SK-PS substrate .eagent, 

microtiter plate as reaction vessels. After 

plate for 8 minutes at 37-C, Activator solution (50 

,l/„ell, was added and colour development was measured 

15 ,rc. Whereby a change in colour intensity implied 

enzymatic activity. 



KXAMPLE 2 . .Cloning . selection and screening of clones 
20 producing llama V„H fragments inhibiting Human Pancreatic 

Lipase . 

2.1 i^clatiorLOlVsOSaS^^ 

Lipase . 

Uama RNA was isolated from its lymphocytes using a 
.lood sample ta.en S weeks after the first 
that point in time the llama had the highest titre of HPL 
recognising antibodies as measured in ELISA. 

30 
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A blood sample of about 150 ml was taken and an 
enriched lymphocyte population was obtained via 
centrifugation on a FicoU Paque (Pharmacia) discontinuous 
gradient. From these cells total RNA was isolated by 
5 guanidium thiocyanate extraction according to Chomcynsk., 
P . sacchi, N. (1987). W. Blochem. 162(1). 156-159. 
After first strand cDHA synthesis using MMLV-RT (Gibco-BRL) 
and random oligonucleotide primers (Pharmacia) , DNA 
fragments encoding VhH and part of the long or short hinge 
10 region were amplified by PCR using three specific prxmers 
as described in example II. 2.1 of WO99/46300. 

The DNA-fragments generated by PCR were digested with 
P.tl (coinciding with codon 4 and 5 of the V„H domain, 
15 encoding the amino acids L-Q) and NotI (introduced at the 
5. end of the hinge specific oligonucleotide primers, 
coinciding with the amino acid sequence A-A-A) . The 
digested PCR products were cloned in the phagemid vector 
PUR5071 (figure 4) as gene -fragments encoding the V.H 
20 domain including the hinge region fused to the gene III 
protein of the E. coll bacteriophage M13 . A first display 
library with 1.5x10' clones containing the short hinge 
derived V.H fragments and a second library of 6.2x10 
clones with long hinge derived V„H, was constructed .n 
25 phagemid vector pUR5071. 

2.2 Enrictoent_^^ 

display methodology- 



Phage particles expoBing VhH fragmenta were prepared 

■ . ^ v,,, of E coll cells harbouring the phagemid with 
by infection o£ E. coii coj-j. ,,„„,, 

^- ^r. M;:,-rkq J D et . al 1991) 
helperphage VCS-M13 according to Marks, J.D 

J. Mol. Biol. 222, 581-597. 

^ Free V,H fragments were removed by precipitation o£ 

phage fro. the culture supernatant with PHG6000, thereby 
avoiding a disturbing competition between phage bound and 
tree v.H fragments. "In solution" capture of E. coll phage 
10 exposing HPL specific antibody fragments was performed with 
i„ .itro biotinylated lipase (EZ link NHS-biotin) 
covalently coupled to free NH2-groups Of the lipase 
according to the instructions of the supplier; the molar 
„tio between biotin and lipase was 15 to 1) . For select on 
15 15 m and 40 nM Human Pancreatic Lipase was used in round 
one and 0.6 nM and 3 nM in round two. The carboxy terminal 
domain was prepared by proteolysis with chymotrypsin and 
purified with reversed phase HPLC. Lipase was biotinylated 
and used for selection of the immune library (combined 
20 Short hinge and long hinge, at 15 and 70 nM during round 
one and at 1 and 3 and 15 nM during round two. During the 
binding phase of the selection "application conditions 
(inclusion of 5.3 mM cholic acid and 36 mM deoxycholate, 
„ere used. Phage particles bound via their displayed 
25 antibody fragments to the biotinylated lipase or the 
carboxy terminal domain peptide were pulled out o the 
solution with streptavidin coated magnetic beads (Dynal, 

TQQo. ^^2^ 65-9). After washing, 
(see (Hawkins, T, DNA Seq. 1992, 3(2) 

phage was eluted with triethylamine . 
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individual E. coli clones obtained after tv,o — of 
selection were grown in wellB of ^icrotiter plates, and the 
production of V.H fragments was induced by the addition of 
0.1 n*. isopropyl-p-D-thiogalactopyranoside. After 16 hours 
5 of growth, the culture supernatant of the clones was 

analysed in ELISA for the presence of V„H fragments, whxch 
specifically bind to indirectly i^obilised biotinylated 
HPL, using a streptavidin coated plate as a negative 
control. Bound V„H fragments were detected with rabbit 
10 anti-llama V„H polyclonal antibodies followed by incubation 
with goat anti-rabbit polyclonal antibodies conjugated to 
horse radish peroxidase (BIORAD) , or with mouse monoclonal 
anti-myc antibody ATCC myc 10-2 followed by incubation 

with polyclonal rabbit anti-mouse conjugated to horse 
15 radish peroxidase (DAKO, . The myc-tag is encoded in the 
phage display vector, which results in the addition of 

^h*^ rarboxv terminus of the VrH 
peptide sequence to the carooxy 

fragments . 

20 2 3 DeveloEmS!tol^iii3»^^ 

theWentiflcation^Oi^^ 

The lipase inhibiting capacity of the V„H fragments 
„as demonstrated in an en.^e activity assay (Sigma) . 
25 Different antl-HPL clones were identified by their 

characteristic HinFI fingerprint pattern (Harks at al. as 
above) . for which the V„H encoding insert was amplified 
„ith the M13REV- and the gene Ill-primer. The resulting 
PCR-product was digested with the restriction enzyme HinFI, 
3D Whose recognition site frequently occurs within antibody 



genes. The representative clones were grovm on 5 ml scale 
and the cells were harvested after a relative short 
induction time of 3.5 hours at 37°C. An osmotic shock was 
given by resuspending and incubating the pelleted cells rn 
5 0 5 ml of ice-cold PBS during two to sixteen hours at 4»C. 
Spheroplasts were removed by centrifugation and the 
supernatant, containing the periplasmlc proteins, was 
tested in ELISA in serial dilutions for binding to 
biotlnylated HPL and in the lipase enzyme assay for the.r 
10 capacity to inhibit the enzyme. 

selection with biotinylated lipase or its carboxy 
terminal domain resulted in the isolation of clones, which 
produce Inhibiting V»H fragments. 

15 

2.4 c. ^,.»nrps of HPL inhlbl tinaJWLiaaagSS^ 

T ^-^A TJDT P.n7vme 190 inhibiting VrH 
By using biotinylated HPL enzyme 

T fl of these were sequenced, these 

fragments were selected, 8 ot tnese w 

J ^ iTiDTttll fqEO ID NO: 18) , HPL#12 (SEQ ID NO: 
20 fragments are coded HPL#11 (SEQ lu jnu.x 

19) HPL#13(SEQ ID NO: 20), HPL#15 (SEQ ID NO: 22), 
HPL#1B(SEQ ID NO: 23), and HPL#19 (SEQ ID NO: 24). 

By using the carboxy terminal domain of HPL 95 lipase 
25 inhibiting V„H fragment were selected, 6 were sequenced, 
- resulting in one new class represented by HPL#22 (SEQ ID NO: 
25) . 

With respect to the length of CDR3, which is the most 
30 important region for binding to the antigen, the antibodies 
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can be grouped in three clasBes, as is Bho»n xn the 
following a^ino acid sequences, wherein the respect.v CDR 
region, are indicated in bold CDRl being the first bold 
strand etc. HPL#12 (SEQ ID NO: 19), HPL#18 (SEQ ID NO: 23) 
5 and HPL#13 (SEQ ID NO: 24) are characterised by a CDR3 
.egion having a length of 13 a^ino acids, HP..n SEQ NO: 
18) HPL«13 (SEQ ID NO: 20) and HPL#22 (SEQ ID HO: 25) are 
characterised by a CDR3 region o£ 12 a,„ino acids and HPL#15 
,SEQ ID NO: 22) is characterised by a CDR3 region of 14 
10 amino acids. 



HPL#11 (SEQ ID NO: 18) 

QVQLQDSGGGLVQAGGSLRLSCAASGSIFS SDLMG WYRQAPGKEREAVA 
RITRGGTTSYADSVK GRFTISRDNAKNTMYLQMNSLKPEDTAVYYCNA 
15 RRSN-YDRSWGDY WGQGTQVTVSS AHHSEDPSS 



49 
97 
129 



HPL#12 (SEQ ID NO: 19) 

QVQLQESGGGLVQAGGSLRLSCAASGSIGS IHTMG WYRQTPGKERDWA 
20 TIQDGGSTNYADSVK GRFTISRDNTLNTVYLQMNDLKPEDTAVYYCNA 
DVRP-YRTSRYLEV WGQGTLVIVSS EPKTPKPQP 



HPL#13 (SEQ ID NO: 20) 



QVQLQESGGGLVQAGGSLRLSCAASGTILS IIY.O. WYRQTPGKQRELVG 
25 RITAGGSTNYADSAK GRFTISKDNAKNTVYLQMNSLKPEDTAVYYCNA 
LITR-WDKSVNDY WGQGTQVTVSS EPKTPKPQP 



HPL#14 (SEQ ID NO: 21) 
QVQLQESGGGLVQAGGSLRLSC 

TIQDGGSTNYM.SVKGRFTISRDNILNWYI,QMNSLKPEDTAVYHCNA 



QVQWESGGGLVQAOGSLRLSCAASGSIGS IHTMG «YRQTPGTERDWA 



49 
97 
130 



49 
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129 
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DVRPYRTSRYLEL WGQGTLVTVSS EPKTPKPQP 
HPL#15 (SEQ ID NO: 22) 

QVQLQESGGGLVQAGGSL^LSCAASGSISS IKVMG WFRQAPGKQRELVA 
5 SITSGGSTNYADSLK GRFTISRDHAKNAVYLQMHNLKPEDTAVYYCNA 
HITPAGSSNTVTGY WGHGTKVTVSS EPKTPKPQP 

HPL#18 (SEQ ID NO: 23) 

QVQLQDSGGGLVQAGGSLRLSCAASGTIGD lYTMA WHRQAPGKERELVA 
10 SATESGSPNYADPVK GRFTISRDNGKLTVYLQMNSLKPEDTAVYYCNA 
LIRR-KFTSEYNEY WGQGTQVTVSS EPKTPKPQP 



49 
97 
131 
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HPL#19 (SEQ ID NO: 24) 
15 QVQLQDSGGGLVQTGGSLRLSCAASGPIGD VYLMG WYRQAPGKQREMVA 
SITATGPPNYTDSVK GRFTISRDNDKNTEYLQMNNLKPEDTAVYYCNA 
QVRV-RFSSDYTNY WGQGTQVTVSS EPKTPKPQP 
HPL#22 (SEQ ID NO: 25) 

QVQLQESGGGLVQAGGSLRLSCAASGSIRS ISIKT MYRQAPGKERELVA 
20 RBSSDOTTSYTDSMK GRFTI SRDNA».TVYLHfB™LKPEDTAVYVCKA 
LISS-YDGSWMDY GGQGTQVTVSS EPKTPKPQP 

HPL#30 (SEQ ID NO: 26) 

25 QVQLQDSGGGLVQAGGSLRLSCAASGSIGD IHTMG WTRQTPGKQRDW 
LTIQSGGSTNYADSVKGRFTISRDNTLNTVYLQMNDLKPEDTGWYWNA 

DVRPYKTSRYLEI WGQGTLVTVFL EPKTPKPQP. 

EXAMPLE 3. The efficacy of V„H fragments to inhibit 

30 Human Pancreatic Lipase. 
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31 Recloniniin^Ei52-LiiSi2i^^ 

antl-HPL V,H fragments in Sac charom yces cerevisiae 

The V»H encoding sequences of clones HPL#11(SEQ ID NO: 
5 IS), HPL#13(SEQ ID NO: 20), HPL#15 (SEQ ID NO: 22), HPL#17. 
HPL#18 (SEQ ID NO: 23) and HPL»19 (SEQ ID NO: 24) were 
digested with PstI and BstEII from the E. coli phagemid 
vectors pUE5084, pUR5082, pUR5095, pUR=080, pOR50S6 and 
PUR5087 respectively, and cloned in the eplsomal S. 
10 carevlslae plasmid pUR4547 (deposited at the CBS, Baarn, 
The Netherlands as CBS100012) for the secretion of V„H 
fragments, thereby obtaining pUR5091, pUR5090, pUR1403, 
PUE5088, PUR5092 and pUR5093 respectively. Secretion of V„H 
fragments with oarboxy terminal tag-sequences was 
15 accomplished by cloning in plasmid pUR4585, which is 

identical to plasmid pUR4547 except encoding the myc-tag 
for detection with monoclonal antibody myc 1 - 9E10.2 
(ATCC) and the hexahistidine tail for purification with 
IMAC Plasmid constructs pUR5099, pUR5098, pUR5097, 
20 PUR5096, PUR5263 and pUR5264 were made encoding the tagged 
VhH fragments of HPL#1X (SEO ID NO: 18), HPL#13(SEQ ID NO: 
20), HPL#15(SEQ ID NO: 22), HPL#17, HPL#18 (SEQ ID NO: 23) 
and HPL#19 (SEQ ID NO: 24) respectively. 

25 Both parental plasmlds pUR4547 and pUR4585 contain the 

G;,I,7 promoter for inducible expression of the V„H gene 

4--,KT^ m=.r-Vprs bla (B-lactamase) to 
product, the selectable markers Dxa 

discriminate transf ormants in E. coli by resistance to the 
antibioticum ampicillln and Leu2d (|5-isopropylmalate 
30 dehydrogenase) for selection of transformed S. cerevls.ae, 



and an B. coU origin of replication. Secretion s 
acco^lishea by fusing the leader .e^ence to the 

a„ino terminus of the V,H product according to Har^sen. 
M.M. et al (1993) Gene 125, 115-123. 

' Clones HPL#14 (SEQ ID NO. 21. and HPL«1S, which lac. 

the BstKII-site, were cloned as P.tl/»otI-f rag^ents 
.including their hinge region, in secretion plas..d 
,^,«0, Which is identical to pUR45B5 except «th the 
10 additional *tl cloning site situated between the B tEII 
te and the ^c-/hexahistidine-tags. In this way plas..d 
constructs pUH52.5 and pU.52.. were obtained conta„.ng the 

. o HPT 1114 (SEQ ID NO: 21) and HPL#16 

VhH genes of clones HPL#14 ^bty 

respectively. 

.ransfor^ants in E. coll containing the S. cere.isiae 
shuttle constructs with the V.H genes were identified by 
PCR screening using primers M13REV and M13U 
for amplification of the VhH encoding insert and by 
20 restriction enzyme analysis on plasmid Plasm.d 

purified with the Quic.-prep .it (Qiagen) was used^r 
• Lansforraation of ceravisiaa strain WKlS.all: =0^3^ 

t t= r,mredure as described by 
ura3,leu2 by the lithium acetate procedure 

Gietz, E.D et al (1995) Yeast 11(4), 355-360. 

TWO Clones from each construct were grown for 24 hours 
at 30-C in VNB medium ,0.67 % Yeast Nitrogen without amino 
acids (Difio)) containing 2 % glucose. For V„H gene 
expression both pre-cultures were diluted 1/10 in 1 ml f 
30 yPD medium ,1% yeast extract, 2% peptone, 2. glucose, 2. 
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galactose, £or induction of the 0^ promoter and grown 
during 48 hours at SO'C using 8 wells culture plates for 
oultivation. The V.H production in the medlu. fraction of 
these clones was examined by analysis on a Coomassxe blue 
5 stained polyacryl amide gel. Their functional 

characteristics were confirmed in ELTSA on indirectly 

1 uPT and in the lipase enzyme 

immobilised biotmylated HPL and in 

activity assay. 

10 3.2 Purification^nd^a^^ 
produced by cerevislae. 

After confirming the binding and inhibitory 
Characteristics observed before with the K. coli produced 
15 V,H fragments, the cerevisiae transf orients were rnduced 
in 250 ml shaxe flasks using 30 ml of culture medium as 
described in section 3.1. Following 48 hours of inductron, 
the medium fraction was separated from the cells by 
centrifugation. For purification via i^obilised metal 
20 affinity chromatography (IM^C 12 ml of each medium 
..action was adjusted to SO ^ NaH.P04 ,pH B.O,, 10 * 
Tris-HCl (PH 8.0) and 100 m NaCl and added to 1 ml of 
TALON colu™> material (CLONTECH). The hexahistidine tagged 
V„H fragments were bound to the immobilised metal ions .n a 
25 batchwise fashion by rotating the colu^ material head- 

over-head during 30 minutes, washing of the colu™ material 
„ith sonication buffer and elution with 100 mM imidazol 
(Sigma, was performed according to the instructions o the 
supplier (ClONTECH,. After removal of imidazol by d.alysrs 
30 against PBS, the amount of purified V.H was determined by 
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.ea.urlng tha optical density at 280 using the 
calculated .olar extinction coefficient. Analysis on a 
Coo^assie stained protein gel confirmed the pur.ty and the 
measured amount of V„H. Between 100 and 500 ^ antibody 
5 fragment was purified fro™ 12 ml of culture. 

The results of the ELISR measurements are given in 

Figure 2A. 

10 3.3 Measurement^f_j£»^^ 

.east con^rising pUR5099, pUR5097. ptm5263 and pURS264 
encoding the V„H domains of HPL#11(SEQ ID NO: IB) 
HPLil5,SEQ ID NO.. 22), HPL»18 (SEQ ID NO. 23) and HPL#19 
15 (SEQ ID NO: 24) respectively were cultivated and induced .n 
one litre of YPD medium. The cells were removed by 
centrifugation and the medium fraction containing the 
antibody fragment was concentrated five-fold with a 
dialysis unit (Hemophan fiber dialyzer GPSplus 12, Oambro 

,„ 101 HPI.aiB (SEQ ID NO: 22) and 

20 Breda). HPL#11(SEQ ID NO: IB), HPLttlb 1=. u 

HPL#18 (SEQ ID NO: 23) were purified by affinity 

chromatography on protein A sepharose (Pharmacia) . 

HPL#19(SEQ ID NO: 24), which did not bind to protein 
25 A, was purified with IHAC, yielding 3.7 mg V„H per litre of 
culture. After dialysis against PBS, the factions can be 
used for inhibition experiments in intestinal :u.ce. 

EXAMPLE 4 . isolation of llama V,H fragments capable to 

30 inhibit Human Gastric Lipase. 
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Human Gastric Lipase^ 

5 A male Uama was i^unisad with Hu„«n Gastric Lipase 

purified as described in Moreau, H et al ,1.32, . Mol 
Bio.. 1-1" according to the procedure rnd.cated 

above and the titration of blood samples was performed on 
biotinylated en.yme in ELISA as described in exa^le 

10 (Fig. 3A) . 

The titre of inhibiting antibodies was determined in 

,^^nh 1 2-0-dilauryl-rac-glycero-3- 
an enzyme assay, m which 1,2 u aix 
lutar" acid-resoruf in ester ,0=0., Boehringer Mannhe.m, 
15 was used as chromogenic substrate. For the assay S ,1 HO. 
solution ,0.1 n^/ml) was ,pre-incubated with 10 ,1 of 
(ailuted. serum sample in the well of a microtiter plate. 
The reaction was started by the addition of 165 ,1 of 
suffer containing 100 ^ «BS pH..O and 0.. M NaCl and 20 .1 
20 DGC. solution ,1 ^/ml in dioxane/Thesit-solut.on < :1 ■ 
The kinetics of the en.^atlc conversion was measured at 

„m during a period of 30 minutes at 37 -C with a 
spectramax spectrophotometer. With this assay the trtre 
enzyme inhibiting antibodies was determined in serum 
25 samples ta.en after different time intervals ,F.g. 3B> • 

^P. was isolated from the lymphocytes of a blood 
sa^le taKen . weeks after the start of the immunisatron. 
Random primed cDNA was prepared and used for the 
30 amplification of short hinge and long hinge derrved V»H 
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fragments, which were cloned in the phage.id vector 
PURS071. A short hinge derived library was constructed, 
„hich contains 5 . 4xl0' clones and a long hinge derived 
library with 4.Sxl0' clones. 

selections were performed with 20 and 60 nM of 
blotinylated Human Gastric Lipase at the first round and 
subsequently with 1 or . nM lipase during the second round 
according to the method described in paragraph 2.2. Dur.ng 

10 round one physiological conditions (PBS) were used, whrle 
at round two the conditions of the stomach were xmxtated by 
lowering the pH to 4.5 with 25 m sodium acetate buffer and 
inclusion of proteases pepsin. In this way acid and 
protease resistant antibody fragments were retrieved from 

15 the library. 

culture supernatants from individual clones grown and 
induced in microtiter plates were analysed in ELISA on 
indirectly immobilised HGL and in the enzyme actrvxty 
20 assay. Approximately 30 to 60% of the enzyme recognisrng 
antibody fragments showed to inhibit the enzyme. 

ar-fs aiven below, whereby 
Sequences of 8 gene segments are given d 

the CDR regions are indicated in bold. The VhH encoding 
25 gene segments could be classified into four groups 

,.oups are: HGL#1 (SEQ ID NO: 27) and HGL#16 (SEQ ID NO:. 
34)- HGL#4 (SEQ ID NO: 28) and HGL#10 (SEQ ID NO: 31); 

oo^ uriaq (SEO ID NO: 30) and HGL#15 (SEQ 
HGL#8(SEQ ID NO: 29), HGL#9 (SEQ iU JNU 

30 ID NO: 33) ; and HGL#11 (SEQ ID NO: 32) . 
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HGL#1 (SEQ ID NO: 27) 

QVQLQESGGGLVQAGGSLRLSCAASGFDFR YNTMA WYRQAPGKQRELVA 
TIASTYRTSYADSVK GRFTISRDNARGTVYLQMNSLKPEDTAVYYCAA 
5 ARSLVQTPTSYDY WGQGTQVTVSS AHHSEDPSS 
HGL#4 (SEQ ID NO: 28) 

QVQLQESGGGLVQAGGSLRLSCAASGSTFS FNAMG WYRQVPGKQRELVA 
AIGNDGATYYVDSVK GRFTIARENAKNTVYLQMSSLKPEDTAVYYCKG 
RGGLTQYSEHDY WGQGTQVTVSS EPKTPKPQP 

10 HGL#8 {SEQ ID NO: 29) 

QVQLQESGGGLVQTGGSLRLSCAASGSIGS MYVLS WYRQAPGKQREPVA 
M.MGSGSTTYADSVKGRFTISRDNIKNTMYLQMNSLTPEDTGVYYCAG 

TGAEGHY WGQGTQVTVSS AHHSEDPSS 



15 HGL#9 (SEQ ID NO: 30) 



HGL#9 iMw. 

QVQLQESGGGLVQAGGSLRLSCAASGSIGS LYVMS WYRQAPGKQREPVA 
ALMGSGSTTYADSVKGRFTISRDNIKNTMYLQMNSLKPEDTGVYYCAG 

TGAEGHY WGQGTQVTVSS EPKTPKPQP 



49 
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49 
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49 
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124 
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124 



33 



HGL#10 (SEQ ID NO: 31) 



HGL#10 (iit.\2 -L^ 

QVQLQESGGDLVQAGGSLRLACAASGSTFS FNAMG WYRQVPGKQRELVA 
AIGNDGSTYYVNSVKGRFTISRENAKNI^LQMNSLKPEDTAVYYCKG 

RGGLTQYSEHDY WGQGTQVTVSS EPKTPKPQP 

5 HGL#11 (SEQ ID NO: 32) 

QVQLQESGGGLVQAGGSLRLSCTASGTTDN INAMG WYRQAPGKQRELVA 
AISSGGDTYYTEiVKGRFTISRDNAKKAVYLQMNNLKSEDTAVYSCKM 

TDMGRYGTSEW WGQGTQVTVSS EPKTPKPQP 



49 
97 
129 

49 
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10 HGL#15 (SEQ ID NO: 33) 



HGLttlb ^toJiy J-'^ xNv^. 

QVQLQESGGGLVQAGGSLRLSCAASGSIG WYRQAPGKEREPi;. 
M,MGSGSTTYM)SVKGRFTISRDNEraTMYLQMKSLTPEDTGVYYCAG 
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TGAEGHY WGQGTQVTVSS EPKTPKPQP 

15 HGL#16 (SEQ ID NO: 34) 

QVQLQESGGGLVQAGGSLRLSCAASGSDFR YNAMA WYRQAPGKQRKLVA 4 

TITYTYRTNYADSVK GRFTISRDNARGTVYLQMNSLKPEDTAVYYCAA 

ARSLELTPTSYDY WGQGTQVTVSS EPKTPKPQP 

4 2 PurificatioTLan^^ 
20 GastricjA^ V^_ll^3^^^ 

cerevisiae . 

From clones HGL#1(SEQ ID NO-. 27), HGL#8(SEQ ID NO. 
29), HGL#9(SEQ ID NO: 30), HGL#10 (SEQ ID NO. 31), HGL#11 
25 ,SEQ ID NO: 32, ana HGL.IS (SHO ID NO: 34) the V,H encoding 
,ene fragments were digested wit. Pstl and B.tEII fro. the 
phage display veotor pURB071. The DNA fragments were cloned 
into the episomal S. cerevisiae plasmid pUR4S47. whrch 
drives the secretion of V,H domains without any tags. In 
30 this way POR5251, PUR3252, PUK5253, pURS254, pUR52SS, 
PUR5256 were obtained encoding the V„H domains of clones 
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HGL#1(SEQ ID NO: 27), HGL#8 (SEQ ID NO: 29), HGL#9 (SEQ ID 
NO: 30), HGL#10(SEQ ID NO: 31), HGL#11 (SEQ ID NO: 32) and 
HGL#16 (SEQ ID NO: 34) respectively. The Pstl/BstEII 
fragments were also cloned into the episomal S. cerevisiae 
5 plasmid PUR4585, which is responsible for the secretion of 
the V„H domain containing a myc- and a hexahistidine tag at 
its carboxy-terminus. The clones coded pUR5257, pUR5258, 
PUR5259, PUR5260, pUR5261 and pUR5262 were obtained 
containing the VhH encoding inserts of clones HGL#1{SEQ ID 
10 NO: 27), HGL#8(SEQ ID NO: 29), HGL#9 {SEQ ID NO: 30), 

HGL#10{SEQ ID NO: 31), HGL#11 (SEQ ID NO: 32) and HGL#16 
(SEQ ID NO: 34) respectively. 

' using 12 ml of culture supernatant from the induced 
15 clones containing the hexahistidine tag the VhH fragments 
were purified with IMAC (according to the method described 
in paragraph 3.2) . The yield was determined by measuring 
the optical density at 280 nm using the calculated molar 
extinction coefficient. 

20 

The efficiency of HGL recognition was determined for 
each individual antibody with ELISA using indirectly coated 
enzyme (Fig. 4A) and the degree of inhibition with the 
enzyme assay (Fig. 4B) . 

25 

4.3 Measurement of inhibit ion in intestinal juices. 

The measurement of the inhibition properties of the 
antibodies in accordance to the invention can be carried 
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out in accordance to the method described in Carriers et al 
in Gastroenterology 1993: 105: 876-888. 

EXAMPLE 5. Effect of anti lipase V„Hs on triglyceride 

5 and fatty acid uptake in vivo 

The antibodies anti-HGL8 (example 4) and anti-HPL18 
(example 3) were tested for inhibition of fat uptake in an 
animal model. To ensure maximal lipase inhibition in this 
10 initial test, the gastric and pancreatic lipase inhibitors 

were tested in conibination. 

cross reactivity of anti-HPL18 with porcine pancreatic 
lipase (PPL) was tested (figure 5) . Instead of the HPL 

15 standard delivered with the lipase assay, PPL (Fluka no 
62300; lipase from hog pancreas; 20 U/mg) was used. The 
lipase was dissolved in PBS (4 mg/ml) and centrifuged (2 
min, 15600 x g)". The supernatant was diluted (70 pi 
supernatant + 930 pi PBS) and used as PPL standard as 

20 described for HPL. Cross reactivity of anti-HGL8 with 

porcine gastric lipase was tested by western blotting using 
pig gastric extracts. 

Male piglets of approximately 15 Kg were fed with differing 
25 amounts of anti-HGL and anti-HPL antibodies as part of a 
high fat diet. As a control, each animal also received a 
diet without antibody fragment addition. The antibody 
fragment dosage was chosen such that there was sufficient 
antibody present to inhibit all of the gastric or 
30 pancreatic lipase, based on the assumption that the piglets 



produced approximately the same amount of GI tract lipase 
as humans: 25mg HGL and 250mg HPL per meal. As the in vivo 
stability of the antibody fragments was not known, a second 
dosage of antibody fragment was chosen based on an excess 
5 of fragment with respect to lipases. 

Jugular catheters were inserted under anesthesia in three 
approximately 15. kg male piglets. The piglets were allowed 
6 days to recover. During this time they were fed 12 Og 

10 twice daily (bigbatterikorrel ID-Lelystad, The 

Netherlands) . On the afternoon preceding the serving of the 
test food, the feed was limited to 60g. To allow the 
piglets to accustom to additional yeast extract in their 
diets, after day 2 the feed was supplemented by addition of 

15 a S. cerevisiae fermentation supernatant derived from S. 
cerevisiae gallLEU (a prototrophic strain which does not 
express lipase inhibiting antibody fragments) to al level 
of 4%. Also after day 2 the fat level in the feed was 
increased by the addition of 5% sunflower oil (ClOOO) . 

20 

The antibodies were prepared from the supernatant s of the 
appropriate S. cerevisiae transf ormants by concentration 
with a dialysis unit (Hemophan fiber dialyzer GFSplus 12, 
Gambro, Breda) followed by freeze drying. The antibody 
25 concentration was adjusted such that the feed could be 
prepared by addition of 10 ml of antibody containing 
solution. The dosages of antibodies given are shown in 
table 1. 
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Table 5.1. The feeding regime for the addition of antibody 
fragments . 



Day 


anTTTial 1 (15 6 

jrlilXlUCLX X ■ \J 

Kg) 


Animal 2 (13.1 
Kg) 


Animal 3 (11.9 
Kg) 


1 


0 mg/250g feed 


aHPL18 

400mg/250g feed 
+ aHGL8 

80mg/250g feed 


aHPL18 80mg/250g 
feed + aHGLS 
16mg/250g feed 


3 


aHPL18 80mg/250g 
feed + aHGL8 
16mg/256g feed 


0 mg/250g feed 


aHPL18 

400mg/250g feed 
+ aHGL8 

80mg/250g feed 


5 


aHPLlB 

400mg/250g feed + 
aHGLB 80mg/250g 
feed 


aHPL18 80mg/250g 
feed + aHGL8 
16mg/250g feed 


0 mg/250g feed 



Blood samples were collected from a jugular catheter at 30 
minute intervals extending from 1-6 hours after feeding. As 
is common for these types of studies (Reitzma et al, 1994), 
10 the total quantity of triglyceride (TG) was determined as 
the area under the curve of TG or FFA concentration with 
respect to time. In this way the cumulative concentration 
of the 11 time points between 1-6 hours was measured. The 
results are shown in table 2 . 

15 
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Table 5.2. Cumulative concentrations of triglyceride (TG) 
in postprandial plasma (1-6 h) in absolute values and as 
percentage of the control. 



Test meal 


Animal 1 . 


Animal 2 


Animal 3 


Control 


4 . 60 mM 
(100%) 


3 . 19 mM 
(100%) 


4 .68 mM 
(100%) 


Estimated 
optimum VhH 
concentration 


3 .88 mM 
(84 %) 


2 .66 mM 
(83%) 


4 . 93 mM 
(105%) 


VhH excess 


2.68 mM 

(58%) 


2 . 68 mM 

(84%| 


4 . 90 mM 
(105%) 



in two of the three animals, there was a marked reduction 
in blood triglyceride levels when the animals received feed 
10 containing the lipase inhibiting antibody combination xn 
comparison to the control meal. This indicates that the 
antibodies indeed inhibited fat digestion and uptake. 
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